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Perioperative, Functional, and Oncologic Outcomes
of On-Clamp Versus Off-Clamp Partial Nephrectomy:
An Updated Meta-analysis of 9027 Patients

ABSTRACT

Objective: The aim of this study was to determine the comparative efficacy and safety
between on-clamp and off-clamp partial nephrectomy in patients with renal masses.

Materials and methods: This systematic review was pre-registered on The International
Prospective Register of Systematic Reviews (PROSPERO) (CRD42022339127). PubMed,
Scopus, and Web of Science were searched. A manual search was also conducted to
avoid missing relevant studies. All observational and experimental studies reporting
the comparative efficacy and/or safety of on-clamp versus off-clamp partial nephrec-
tomy were included. Outcomes were divided into 3 categories: perioperative, functional,
and oncologic outcomes. Risk of bias was assessed using the The Risk Of Bias In Non-
randomized Studies of Interventions (ROBINS-I) and revised Cochrane ROB-Il tool for
nonrandomized and randomized studies, respectively. Fixed- and random-effect mod-
els were implemented to pool the mean difference and log odds ratio of continuous
and dichotomous outcomes, respectively. A leave-one-out sensitivity analysis was con-
ducted to determine if the effect size was driven by a single study, and Egger’s regression
test was used to assess publication bias.

Results: Forty-two studies were meta-analyzed. The on-clamping method showed
greater benefit when compared to the off-clamping technique in terms of periopera-
tive (estimated blood loss and blood transfusion), functional (estimated glomerular fil-
tration rate), and oncologic outcomes (tumor resection time). However, it is associated
with higher risk for complications. Most studies were of moderate-to-serious risk of bias.

Conclusion: On-clamping shows superiority in terms of estimated blood loss, blood
transfusion, estimated glomerular filtration rate, and tumor resection time. However,
it is associated with increased risk of complications. The selection of the technique
should be tailored per individual case based on their comorbidities and preoperative
risk profile.
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Introduction

Evidence indicates that the incidence of kidney cancer is remarkably increasing after the vast
spread of imaging studies, which enabled early diagnosis and discovery of incidental findings
suggestive of kidney cancer.” In addition, estimates indicate that renal tumors are relatively
common. However, the incidence of kidney cancer is not the highest among the general
population, with an estimated worldwide incidence of 214 000 cases per year. In the same
context, kidney cancer has been estimated to lead to 143 000 deaths annually, being the
16th leading cause of death globally.?¢ Managing renal tumors is variable, including active
surveillance, ablation, or surgery. Therefore, it should be conducted according to a discussion
between the physician and patient to elaborate on the risks and benefits of each approach.

According to the National Comprehensive Cancer Network, the American Urological
Association, and the European Association of Urology (EAU), partial nephrectomy (PN) is
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recommended if anatomically possible.”® Moreover, it has been
shown that PN is now considered the gold standard for managing
resectable cT1 renal tumors.”® The oncological outcomes of PN are
similar to radical nephrectomy, in addition to enhancing survival
outcomes secondary to the partial preservation of renal functions.'°
More recent investigations demonstrated that robot-assisted partial
nephrectomy (RAPN) has favorable functional and perioperative out-
comes for both laparoscopic and open modalities."'* Different fac-
tors have been proposed to determine postoperative renal functions,
including volume of preserved renal tissue, preoperative renal func-
tions, and warm ischemia time (WIT). Studies showed that WIT is a
major factor that can be modified to enhance outcomes.’'¢

The off-clamp or zero-ischemia technique has been recently pro-
posed to reduce WIT and enhance the efficacy and safety of RAPN
compared to the on-clamping approach, particularly in preserving
postoperative renal functions.””'? In addition, various meta-analyses
compare off-clamp and on-clamp PN.2*?2 However, evidence from
these studies regarding the superiority of either of these techniques
remains controversial, in addition to not being comprehensive in
including all the available studies in the literature. Therefore, we
aimed to conduct the current study to provide the most updated
and comprehensive evidence comparing the efficacy and safety of
off-clamp and on-clamp PN techniques.

Materials and Methods

This updated systematic review and meta-analysis was conducted as
per the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines and pre-registered on PROSPERO (reg-
istration number: CRD42022339127). We employed the Population,
Intervention, Comparison, Outcomes, and Study Design (PICOS)
framework in designing our research: the population included
patients with renal tumors undergoing PN; the intervention included
the on-clamp technique; the control included the off-clamp tech-
nique; outcomes included perioperative, functional, and oncologic
outcomes; and the study design included comparative observational

MAIN POINTS

« The on-clamping method is associated with greater benefits
than the off-clamping technique in terms of perioperative
outcomes (i.e., estimated blood loss and postoperative blood
transfusion).

« The on-clamping method is superior to the off-clamping tech-
nique regarding the postoperative estimated glomerular filtra-
tion rate and tumor transection time.

« Although the on-clamping method has shown superiority over
the off-clamping method, it was reported to correlate with
greater risk for postoperative overall complications, particu-
larly acute kidney injury.

+ The selection of the clamping method (on vs. off) should be
determined and tailored according to each patient individually
based on pre-interventional risk profile.

+ Available evidence highlighted in this updated meta-analysis
relies mainly on retrospective cohort studies. Therefore, more
properly designed, long-term randomized controlled tri-
als with large sample sizes are still warranted to confirm our
observations.
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(cohort) and interventional [randomized controlled trials (RCTs)]
studies. Of note, we included any studies that compared the on-
clamp to the off-clamp technique regardless of the surgical method
itself (i.e., open PN, robotic PN, or laparoscopic PN).

Definition of Outcomes and Inclusion Criteria

The following criteria were considered in the screening process to
retrieve relevant studies for our intended outcomes: (1) studies that
compared the efficacy and/or safety of off-clamp versus on-clamp
PN, (2) studies that were original investigations, including cohort
studies (whether prospective or retrospective), RCTs, case—-control
studies, and quasi-experiments, and (3) studies that included human
participants only with renal tumors. On the other hand, studies that
(1) were not original (like thesis, reviews, protocols, commentaries,
abstract-only articles, and posters), (2) included non-human subjects
(like in vitro and in vivo studies), and (3) did not compare any related
outcomes to off-clamp versus on-clamp PN were excluded from the
analysis and data synthesis. However, it should be noted that we con-
sidered relevant meta-analyses to be discussed and compared with
our final results.

Search Strategy

On May 15, 2022, 3 electronic databases were searched: PubMed,
Scopus, and Web of Science using a combination of relevant keywords
from relevant studies and previous reviews. Based on these words, we
searched each database based on the search terms and conditions
and adjusted the search terms accordingly. For instance, we used the
following term: [(clamp OR clamping OR “off-clamp” OR Clampless
OR “on-clamp” OR “Warm ischemia time” OR WIT OR “Zero ischemia”)
AND (“partial nephrectomy” OR “nephron sparing surgery”) AND
(“robot-assisted” OR “robotic-assisted” OR robot OR robotic OR lapa-
roscopic OR RALPN OR RAPN)] for PubMed. These search criteria were
then adjusted for other databases as per their guidelines.

Additionally, we conducted a manual search strategy to find any rel-
evant article that might be missed when conducting the electronic
search strategy. This strategy included 3 approaches: (1) reading the
reference lists of included articles, (2) screening “similar articles” to
included studies through PubMed, and (3) searching Google Scholar.
Only the first 200 records from Google Scholar were screened as per
published recommendations.?® We also searched the references of
relevant reviews not to miss any potentially relevant investigation.

Screening Strategy

After retrieving all relevant articles found by our search strategy,
we grouped them into 1 EndNote library to detect and eliminate
all potential duplicates among the different databases. Then, we
extracted the remaining citations into an Excel sheet to facilitate
the screening process. We grouped these citations by their titles,
abstracts, authors, and journals where they were published, DOIs,
and URLs. Moreover, each citation was given an ID to prevent over-
lapping and facilitate the identification of each article.

The screening strategy was conducted by at least 2 members against
our inclusion and exclusion criteria. The first step was to screen arti-
cles by titles and abstracts, while the following step involved full-
text screening. The decision of each reviewer was blinded from the
other not to induce any bias in the selection process. Finally, a senior
member compared the results of the screening and conducted a dis-
cussion on the differences. Disagreements were resolved in this dis-
cussion using the supervisor’s opinion whenever needed.
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Data Extraction

After reaching a final list of included articles, a senior member will
thoroughly go through these articles to plan all extractable data
to design a suitable extraction sheet. A pilot extraction task will
validate the extraction sheet by some of the study members before
being used to extract relevant data to test the validity of the sheet
to retrieve all relevant outcomes. At least 2 members will extract
each included article, and any conflict will be resolved with a group
discussion.

The sheet was mainly designed to extract data that can be divided
into 3 main parts, including the baseline characteristics part (which
is designed to accommodate reference for each study, study
design, country, year of publication, the definition of intervention
and control cases, age and gender of participants per each group,
renal/nephelometry score, Charlson Comorbidity Index, Eastern
Cooperative Oncology Group (ECOG) Performance Status Scale, and
follow-up duration), outcome part (including perioperative, func-
tional, and oncologic outcomes), and quality assessment and risk of
bias (ROB) part.

Perioperative outcomes included operative time, estimated blood
loss (EBL), length of hospital stay (LoS), overall complications, conver-
sion to open surgery, re-intervention, any major bleeding, acute kid-
ney injury (AKI), and transfusion rate. Functional outcomes included
postoperative estimated glomerular filtration rate (eGFR), postop-
erative hemoglobin (Hb), and creatinine. Meanwhile, oncological
outcomes included tumor size, reconstruction time, and positive
surgical margin.

Quality Assessment

The quality of included studies was assessed using the Newcastle-
Ottawa Scale (NOS) for nonrandomized studies and the revised
Cochrane risk of bias (ROB2) tool in RCTs. We provided the manual of
each tool for all members to obtain the best quality. Both data extrac-
tion and quality assessment were conducted by 2 reviewers, and any
differences were solved by consulting the senior author.

Statistical Analysis

All analyses were conducted using STATA Software (Version 17).
Fixed- and random-effect models were chosen based on encoun-
tered heterogeneity, where the random-effect model was chosen if
significant heterogeneity was found (measured by * > 50% or P <
.05). When significant heterogeneity was observed, meta-regression
based on sample size was conducted to determine if sample size was
a significant contributor to heterogeneity.

For continuous outcomes, the restricted maximum likelihood
method was used to pool the mean difference (MD) and its corre-
sponding 95% Cl when heterogeneity was observed (random-effect
model); otherwise, the inverse-variance method was used (fixed-
effect model). However, in dichotomous outcomes, the log odds
ratio (logOR) and its corresponding 95% Cl was pooled using the
Mantel-Haenszel method.

Finally, a leave-one-out sensitivity analysis was conducted by exclud-
ing 1 study at a time to determine whether or not the reported effect
estimate was driven by a single study. The risk of publication bias was
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assessed using Egger’s regression test and funnel plot, where the
trim-and-fill method would be applied if significant bias was encoun-
tered. In meta-analyses of <10 studies, the assessment of risk of pub-
lication bias was not feasible.

Results

Search Results

The electronic search strategy yielded 3010 citations, exported into
an EndNote library. We then removed 1759 citations identified as
duplicates by the program, while the rest (n=1251) were eligible for
the title and abstract screening. The latter resulted in 73 articles eli-
gible for full-text screening, of which only 39 met our inclusion crite-
ria. Of note, 1 study was excluded due to the lack of variance/SD data
in their reported outcomes. That being said, we found additional 3
articles by manual search, making the total number of included arti-
cles for quantitative synthesis as 42. We presented these steps in the
PRISMA flow diagram in Figure 1.

Characteristics of Included Studies

The baseline characteristics of included studies are summarized
in Table 1. Overall, the sample size of included patients was 9027,
ranging from 20 patients in 1 study® to as high as 1359 patients in
another study.” According to the study design, 4 studies were pro-
spective cohort, 4 were RCTs, and 34 were retrospective cohort stud-
ies. Other characteristics such as age, gender, country, and number of
cases in the intervention (on-clamp) and control (off-clamp) groups
are presented in Table 1.

Quality Assessment

The quality of 38 nonrandomized studies (cohort studies) was
assessed using the ROBINS-I ROB tool (Table 2), out of which 2 had
an overall low ROB, 9 had serious ROB, and 27 had moderate ROB. On
the other hand, in the 4 RCTs, 3 trials showed some concerns and 1
study showed low ROB with the use of the Cochrane revised ROB-II
tool (2019) (Table 3).

Study Endpoints

Perioperative Outcomes

Operative Time (Minutes): A total of 28 studies assessed operative time
(Figure 2). Overall, on-clamp PN was associated with significantly
higher operative time as compared to the off-clamp group [MD=
13.54 minutes; 95% Cl: 3.34-23.74; ?=97.86%]. In the light of signifi-
cant heterogeneity, a meta-regression was performed based on sam-
ple size, and it revealed that sample size was a significant contributor
to heterogeneity (P=.037). The leave-one-out sensitivity analysis
did not reveal any significant change in the reported effect estimate.
There was no risk of publication bias (Supplementary Figure 1).

Estimated Blood Loss (mL): A total of 19 studies reported the esti-
mated postoperative blood loss (Figure 3). Overall, the on-clamp
technique was associated with significantly lower blood loss as
compared to the off-clamp group [MD=-53.87 mL; 95% Cl: -90.60-
17.14; =96.94%]. In the light of significant heterogeneity, a meta-
regression was performed based on sample size; however, it was
not a significant contributor to heterogeneity (P=.711). The leave-
one-out sensitivity analysis did not reveal any significant change in
the reported effect estimate. There was no risk of publication bias
(Supplementary Figure 2).
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Figure 1. PRISMA flow diagram exhibiting the search process and inclusion of included studies.

Length of Hospital Stay (Days): A total of 17 studies reported the LoS
(Figure 4). Overall, no significant difference was observed between
the on-clamp and off-clamp techniques [MD= -0.17 days; 95% CI:
-0.63: 0.28; I’=94.03%]. In the light of significant heterogeneity, a
meta-regression was performed based on sample size, and it was a
highly significant contributor to heterogeneity (P=.001). The leave-
one-out sensitivity analysis did not reveal any significant change in
the reported effect estimate. There was no risk of publication bias
(Supplementary Figure 3).

Warm Ischemia Time (Minutes): A meta-analysis of this outcome was
not feasible because, in the off-clamp group, the mean and SD of WIT
was zero.

Postoperative blood transfusion: A total of 26 studies reported post-
operative blood transfusion (Figure 5). The on-clamp technique
was associated with significantly lower risk for postoperative blood
transfusion as compared to the off-clamp technique [logOR= -0.63;
95% Cl: -0.91: -0.35; =20.58%]. No significant heterogeneity was
encountered, and the leave-one-out-sensitivity analysis did not
reveal any significant change in the reported effect estimate. There
was no risk of publication bias (Supplementary Figure 4).

Safety Endpoints (Complications)

Overall Complications

A total of 35 studies reported postoperative complications follow-
ing PN (Figure 6). Overall, the on-clamp technique was associated
with significantly higher risk for postoperative complications as
compared to the off-clamp technique [logOR= 0.30; 95% CI: 0.14:
0.47; *=0.00%)]. No significant heterogeneity was encountered, and
the leave-one-out-sensitivity analysis did not reveal any significant
change in the reported effect estimate. There was no risk of publica-
tion bias (Supplementary Figure 5).

Conversion to Open Surgery

A total of 12 studies reported surgical conversion to open surgery
following PN (Figure 7). Overall, no significant difference was noted
between on-clamp and off-clamp techniques [logOR= 0.11; 95% Cl:
-0.71: 0.93; =0.00%]. No significant heterogeneity was encoun-
tered, and the leave-one-out-sensitivity analysis did not reveal any
significant change in the reported effect estimate. There was no risk
of publication bias (Supplementary Figure 6).

Reintervention
A total of 6 studies reported reintervention following PN. Overall, no
significant difference was noted between on-clamp and off-clamp
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Table 2. Risk of Bias Assessment of Nonrandomized Studies of Intervention Using the ROBINS-I tool

Selection of
Author/Year of Selection of Classification of Deviation from Missing Measurement Reported
Publication Confounding Participants Interventions Interventions Data of Outcomes  Results Overall Bias
Novak et al/2012 Moderate Low Low Low Low Low Low Moderate
Kaczmarek et al/2012  Moderate Low Low Low Low Low Low Moderate
Acar et al/2014 Moderate Low Low Low Low Low Low Moderate
Komninos et al/2014  Serious Low Low Low Low Low Low Serious
Wang et al/2016 Serious Low Low Low Low Low Low Serious
Comez et al/2016 Low Low Low Low Low Moderate Low Moderate
Ener et al/2016 Low Low Low Low Moderate Moderate Low Moderate
Peyronnetetal/2017  Low Low Low Low Low Moderate Low Moderate
Anderson et al/2017 Low Low Low Low Moderate Moderate Low Moderate
Rosen et al/2017 Low Low Low Low Low Moderate Low Moderate
Zargar et al/2014 Low Low Low Low Low Moderate Low Moderate
Mari et al/2018 Serious Low Low Low Low Moderate Low Serious
Guo et al/2019 Low Low Low Low Low Low Low Low
Beksac et al/2019 Moderate Low Low Low Low Low Low Moderate
Mellouk et al/2021 Serious Low Low Low Low Low Low Serious
Kobayashi et al/2008  Serious Low Low Low Low Low Low Serious
George et al/2012 Low Low Low Low Low Moderate Low Moderate
Kondo et al/2002 Low Low Low Low Moderate Moderate Low Moderate
Salevitz et al/2014 Low Low Low Low Low Moderate Low Moderate
Koo et al/2010 Low Low Low Low Moderate Moderate Low Moderate
Kopp et al/2012 Low Low Low Low Low Moderate Low Moderate
Martin et al/2012 Low Low Low Low Low Moderate Low Moderate
Nadu et al/2005 Serious Low Low Low Low Moderate Low Serious
Petrasz et al/2012 Low Low Low Low Low Low Low Low
Porpiglia et al/2012 Moderate Low Low Low Low Low Low Moderate
Simone et al/2019 Moderate Low Low Low Low Low Low Moderate
Taweemonkongsap et  Moderate Low Low Low Low Low Low Moderate
al/2018
Thompson et al/2010  Serious Low Low Low Low Low Low Serious
Bertolo et al/2018 Serious Low Low Low Low Low Low Serious
Wszolek et al/2010 Low Low Low Low Low Moderate Low Moderate
Bhayani et al/2004 Low Low Low Low Moderate Moderate Low Moderate
Tanagho et al/2012 Low Low Low Low Low Moderate Low Moderate
Nohara et al/2021 Low Low Low Low Moderate Moderate Low Moderate
Rahota et al/2020 Low Low Low Low Low Moderate Low Moderate
Smith et al/2010 Low Low Low Low Low Moderate Low Moderate
Verze et al/2016 Serious Low Low Low Low Moderate Low Serious
Guillonneau et al/2003 Moderate Low Low Low Low Low Low Moderate
White et al/2009 Moderate Low Low Low Low Low Low Moderate
Table 3. Risk of Bias Assessment of Randomized Controlled Trials Using the Revised Cochrane ROB-II Tool (2019)
Author/Year of Deviation from Missing Outcome Selective
Publication Randomization Intended Interventions Outcome Data Measurement Reporting Overall Bias
Anderson et al/2019 Low Low Low Low Low Low
Antonelli et al/2020  Some concerns Low Low Low Some concerns  Some concerns
Antonelli et al/2022  Some concerns Low Low Low Low Some concerns
Bove et al/2020 Low Low Low Low Some concerns  Some concerns

techniques [logOR=0.10; 95% CI: -0.89: 1.09; ?=0.00%]. No signifi-  Major Bleeding

cant heterogeneity was encountered, and the leave-one-out-sensit A total of 7 studies reported postoperative major bleeding following
ivity analysis did not reveal any significant change in the reported  PN. Overall, the on-clamp technique was associated with lower risk
effect estimate. for major bleeding when compared to the off-clamp method (logOR=



Serag et al. On-Clamp vs. Off-Clamp Partial Nephrectomy

Urology Research and Practice 2023;49(2):79-95
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Treatment Control Mean diff. Weight
Study N  Mean SD N Mean SD with 95% CI (%)
Anderson et al./2019 40 156 40.6 40 178 444 —- -22.00[ -40.64, -3.36] 3.76
Kaczmarek et al./2012 283 185 3 49 156 9 [ ] 29.00[ 27.66, 30.34] 4.30
Acar et al./2014 14 1492 41.04 30 1423 548 6.90[ -25.42, 39.22] 3.01
Komninos et al./2014 114 189.2 9157 23 1317 66.11 —— 57.50[ 18.11, 96.89] 2.62
Wang et al./2016 22 8227 16.1 22 75 16.97 7.27[ -250, 17.04] 4.14
Comez et al./2016 33 1509 40.7 40 1575 457 -6.60[ -26.66, 13.46] 3.69
Ener et al./2016 22 1311 16.1 12 122 24 9.10[ -0.13, 18.33] 4.16
Anderson et al./2017 50 196 626 50 172 59.7 24.00[ 0.02, 47.98] 348
Rosen et al./2017 82 154.88 39.99 41 157.69 28.81 -2.81[ -16.56, 10.94] 3.99
Zargar et al./2014 231 210 59.7 35 180 63.3 —- 30.00[ 8.61, 51.39] 3.62
Mari et al./2018 120 150 45.02 120 121.76 41.27 E & 28.24[ 17.31, 39.17] 4.10
Guo et al./2019 45 81 19.63 48 77 19.82 4.00[ -4.02, 12.02] 4.19
Antonelli et al./2020 128 12047 966 91 1144 10.14 6.07[ 342, 8.72] 429
Kobayashi et al./2008 7 186.4 551 13 184.2 456 220 -42.80, 47.20] 2.34
Salevitz et al./2014 236 172 49 95 143 65 . 3 29.00[ 16.13, 41.87] 4.03
Koo et al./2010 10 232 27 11 174 546 —l— 58.00[ 20.53, 9547] 2.72
Martin et al./2012 32 196 41 4 182 49 L 14.00[ -29.41, 57.41] 242
Porpiglia et al./2012 76 120.59 32.33 41 133.53 40.54 E ) -12.94[ -26.39, 0.51] 4.01
Taweemonkongsap et al./2018 27 19457 6747 12 135 37.74 —— 59.57[ 18.64, 100.50] 2.54
Bertolo et al./2018 400 160.51 52.08 200 80 29.87 B 8051 7272, 8830] 4.20
Wszolek et al./2010 29 305.28 131.52 75 262.64 116.9 L 4264 -9.26, 94.54] 2.04
Tanagho et al./2012 29 1238 337 29 127 379 -3.20[ -21.66, 15.26] 3.77
Nohara et al./2021 64 202 40 97 196 47 t 6.00[ -8.00, 20.00] 3.98
Rahota et al./2020 46 1699 17.55 38 15842 33.65 il 11.48[ 0.28, 22.68] 4.09
Smith et al./2010 116 193.12 23.13 192 226.25 15.43 [ | -33.13[ -37.44, -28.82] 4.27
Verze et al./2016 41 99 17.4 68 95 17.8 [ | 4.00[ -2.84, 10.84] 4.22
Bove et al./2020 53 157.68 68.58 85 127.05 45.25 —- 30.63[ 11.64, 49.62] 3.75
Guillonneau et al./2003 16 1215 37 12 17941 86 —l— -57.60 [ -104.46, -10.74] 2.26
Overall < 1354 3.34, 23.74]
Heterogeneity: ©° = 629.56, I° = 97.86%, H* = 46.63
Test of 6, = 6; Q(27) = 1245.23, p = 0.00
Testof 6 =0:z=2.60, p=0.01

100 -50 0 50 100

Figure 2. Forest plot showing the overall effect estimate of operative time between on-clamp and off-clamp procedures.

-0.98; 95% Cl: -1.79: -0.18; #=0.00%). No significant heterogeneity
was encountered. Importantly, the leave-one-out-sensitivity analysis
revealed a non-significant difference in major bleeding following the
exclusion of the study of Peyronnet et al?*® and Bove et al?’ separately
(Supplementary Figure 7).

Any Bleeding

A total of 14 studies reported postoperative bleeding (any severity)
following PN. Overall, no significant difference was noted between
on-clamp and off-clamp techniques (logOR=-0.34; 95% Cl: -0.90:

0.21; =0.00%). No significant heterogeneity was encountered, and
the leave-one-out-sensitivity analysis did not reveal any significant
change in the reported effect estimate. No significant risk for publica-
tion bias was noted (Supplementary Figure 8).

Acute Kidney Injury

A total of 6 studies reported reintervention following PN. Overall, the
on-clamp technique was associated with a significant increase in the
risk of AKI as compared to the off-clamp technique (logOR=0.63;
95% Cl: 0.08: 1.19; =0.00%). No significant heterogeneity was
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On-clamp Off-clamp Mean diff. Weight
Study N  Mean SD N  Mean SD with 95% ClI (%)
Kaczmarek et al./2012 283 157 9 49 228 22 [ | -71.00[ -74.58, -67.42] 6.24
Acar et al./2014 14 1703 80.5 30 2016 1793 —— -31.30[-129.99, 67.39] 4.30
Wang et al./2016 22 7023 39.75 22 134.32 70.11 B -64.09[ -97.77, -30.41] 5.93
Ener et al./2016 22 85.9 496 12 1833 176.2 —— -97.40[ -175.37, -19.43] 4.87
Rosen et al./2017 82 6543 33.05 41 111.1 100.87 [ | -45.67 [ -69.66, -21.68] 6.08
Zargar et al./2014 231 267.73 232.88 35 238.45 2319 29.28[ -53.47, 112.03] 4.74
Mari et al./2018 120 97.03 75.04 120 100 75.04 r -297[ -21.96, 16.02] 6.14
Guo et al./2019 45 78.84 4279 48 120 51.46 [ | -41.16 [ -60.46, -21.86] 6.13
Kobayashi et al./2008 7 63.3 70.3 13 133.8 94.6 —— -70.50 [ -150.67, 9.67] 4.81
Koo et al./2010 10 165 110 11 159 153 —— 6.00[ -109.06, 121.06] 3.87
Kopp et al./2012 164 314.05 179.5 64 25296 189.61 - 61.09[ 841, 113.77] 553
Martin et al./2012 32 150 9 4 288 218 —— -138.00 [ -257.10, -18.90] 3.77
Porpiglia et al./2012 76 164.27 128.68 41 201.46 109.81 = I -37.19[ -83.69, 9.311 5.67
Bhayani et al./2004 28 4446 266.09 42 390.3 457.15 — @ 54.30[-133.43, 242.03] 2.37
Tanagho et al./2012 29 1039 817 29 1464 99.2 = 1 -42.50 [ -89.27, 4.27] 5.67
Rahota et al./2020 46 151.52 62.4 38 284.21 86.1 B -132.69 [ -164.50, -100.88] 5.96
Smith et al./2010 116 220.33 117.62 192 509 137.8 B -288.67 [ -318.77, -258.57] 5.99
Verze et al./2016 41 121 66.8 68 165 106 B -44.00[ -80.15, -7.85] 5.88
Bove et al./2020 53 150 76.2 85 141.14 7541 n 8.86[ -17.11, 34.83] 6.05
Overall <& -53.87 [ -90.60, -17.14]
Heterogeneity: 1 = 5628.44, I” = 96.94%, H* = 32.66
Test of 6, = 6;: Q(18) = 353.09, p = 0.00
Testof 6 =0:z=-2.87, p=0.00
400 200 0 200
Random-effects REML model

Figure 3. Forest plot showing the overall effect estimate of estimated blood loss between on-clamp and off-clamp procedures.

encountered. However, the leave-one-out sensitivity analysis
revealed no significant difference between both groups following the
exclusion of the study of Thompson et al*® (Supplementary Figure 9).

Functional Outcomes

Estimated Glomerular Filtration Rate

A total of 16 studies reported the postoperative eGFR levels
(Figure 8). Overall, the on-clamp technique was associated with
significantly higher postoperative eGFR levels as compared to the
off-clamp group (MD =3.08; 95% Cl: 0.95: 5.20: -17.14; > =45.09%).
No significant heterogeneity was encountered, and the leave-one-
out sensitivity analysis did not reveal any significant change in the
reported effect estimate. There was no significant risk of publica-
tion bias (Supplementary Figure 10).

Percent Change in Estimated Glomerular Filtration Rate

A total of 4 studies reported the postoperative percent change in
eGFR levels. Overall, no significant change was noted between the
on-clamp and off-clamp methods (MD in percent change in eGFR=
-1.75; 95% Cl: —6.85: 3.34: -17.14; ?=65.23%). In the light of sig-
nificant heterogeneity, a meta-regression was performed, revealing

no significant effect of sample size on the resultant heterogeneity
(P=.853). The leave-one-out sensitivity analysis did not reveal any
significant change in the reported effect estimate.

Postoperative Hemoglobin

A total of 3 studies reported the postoperative Hb levels. Overall, no
significant change was noted between the on-clamp and off-clamp
methods (MD=0.21; 95% Cl: -1.14: 1.55; ’=92.17%). In the light of
significant heterogeneity, a meta-regression was performed reveal-
ing no significant effect of sample size on the resultant heterogene-
ity (P=.598).The leave-one-out sensitivity analysis did not reveal any
significant change in the reported effect estimate.

Postoperative Creatinine

A total of 7 studies reported the postoperative creatinine levels.
Overall, no significant change was noted between the on-clamp and
off-clamp methods (MD =0.03; 95% Cl: -0.07: 0.14; ’=57.54%). In the
light of significant heterogeneity, a meta-regression was performed
revealing a significant contributing effect of sample size on the resul-
tant heterogeneity (P=.003). The leave-one-out sensitivity analysis
did not reveal any significant change in the reported effect estimate.
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On-clamp Off-clamp Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Acar et al./2014 14 42 16 30 38 11 —— 0.40[-0.41, 1.21] 5.94
Wang et al./2016 22 568 113 22 577 1.19 T -0.09[-0.78, 0.60] 6.27
Comez et al./2016 33 6.8 4 40 7 5 -0.20[-2.31, 1.91] 2.85
Ener et al./2016 22 38 9 12 33 1.1 - 0.50[-0.18, 1.18] 6.28
Mari et al./2018 120 4 15 120 4 15 0.00[-0.38, 0.38] 6.96
Guo et al./2019 45 519 1.32 48 547 1.31 —: -0.28[-0.81, 0.25] 6.64
Salevitz et al./2014 236 3 2 95 4 3 - -1.00[-1.55, -0.45] 6.60
Koo et al./2010 10 25 11 1M 2 1 —l— 0.50[-0.40, 1.40] 5.70
Kopp et al./2012 164 64 16 64 65 22 - -0.10[-0.62, 0.42] 6.68
Taweemonkongsap et al./2018 27 6 157 12 5.63 252 —ii— 0.37[-0.92, 1.66] 4.60
Bertolo et al./2018 400 2 1.5 200 4 3B -2.00[-2.21, -1.79] 7.20
Wszolek et al./2010 29 845 494 75 7.75 3.97 ——— 0.70[-1.13, 2.53] 3.37
Rahota et al./2020 46 3.72 2.03 38 355 1.32 —— 0.17[-0.58, 0.92] 6.10
Smith et al./2010 116 4.03 .69 192 6 37 W -1.97[-2.09, -1.85] 7.27
Verze et al./2016 41 5 8 68 48 1.1 . 3 0.20[-0.19, 0.59] 6.94
Bove et al./2020 53 5 152 85 4 1.51 - 1.00[ 0.48, 1.52] 6.68
Guillonneau et al./2003 16 47 21 12 47 21 T 0.00[-1.57, 1.57] 3.91
Overall -0.17[-0.63, 0.28]
Heterogeneity: v = 0.74, I> = 94.03%, H* = 16.74
Test of 6, = 6, Q(16) = 476.43, p = 0.00
Testof 6=0:z=-0.75, p=0.45

0

Figure 4. Forest plot showing the overall effect estimate of length of hospital stay between on-clamp and off-clamp procedures.

Oncologic Outcomes

Tumor Size (cm): A total of 31 studies reported tumor size (Figure 9).
Overall, the on-clamp technique was associated with significantly
higher tumor size as compared to the off-clamp group (MD= 0.30;
95% Cl: 0.10: 0.49; ?=85.05%). However, the clinical significance
of this outcome should be carefully interpreted. In the light of sig-
nificant heterogeneity, a meta-regression was performed revealing
no significant effect of sample size on the resultant heterogeneity
(P=.739). The leave-one-out sensitivity analysis did not reveal any
significant change in the reported effect estimate, and no significant
risk for publication bias was observed (Supplementary Figure 11).

Tumor Resection Time (Minutes): Two studies reported the tumor
resection time. Overall, the on-clamp technique was associated
with significantly lower resection time as compared to the off-clamp
group (MD= -0.92; 95% Cl: -1.59: -0.25; *=0.00%). No significant
heterogeneity was encountered, and the leave-one-out sensitivity
analysis revealed no significant difference following the removal
of 1 of both studies; however, this clinical applicability of this find-
ing is negligent since the analysis was originally based on 2 studies
(Supplementary Figure 12).

Reconstruction Time (Minutes): Three studies reported the recon-
struction time. Overall, no significant difference was noted between
the on-clamp and off-clamp procedures (MD= 0.29; 95% Cl: -1.97:
2.56; P=11.53%). No significant heterogeneity was encountered,
and the leave-one-out sensitivity analysis revealed no significant
difference in the reported effect estimate.

Positive Surgical Margin

A total of 31 studies assessed the postoperative positive surgical
margin outcome (Figure 10). Overall, the on-clamp procedure was
associated with significantly higher risk for postoperative positive
surgical margin (logOR= 0.44; 95% Cl: 0.14: 0.74; I’=0.00%). No sig-
nificant heterogeneity was encountered, and the leave-one-out
sensitivity analysis revealed no significant change in the reported
effect estimate. No significant risk of publication bias was observed
(Supplementary Figure 13).

Discussion

In the present systematic review, we aimed to provide the most com-
prehensive evidence comparing the safety and efficacy of off-clamp
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On-clamp Off-clamp Log odds-ratio Weight
Study Yes No Yes No with 95% ClI (%)
Novak et al./2012 1 34 1 21 —_— -0.48[-3.31, 2.34] 0.91
Kaczmarek et al./2012 12 271 3 46 —— -0.39[-1.69, 0.92] 3.75
Acar et al./2014 2 12 3 27 —r— 0.41[-1.51, 2.32] 1.25
Komninos et al./2014 13 126 1 22 e 0.82[-1.26, 2.90] 1.19
Wang et al./2016 0 22 0 22 0.00[-3.96, 3.96] 0.37
Ener et al./2016 2 20 O 12 1.11[-2.00, 4.23] 0.44
Peyronnet et al./2017 0 104 1 25 -2.51[-5.74, 0.72] 1.82
Rosen et al./2017 0o 82 1 40 -1.81[-5.03, 1.41] 1.52
Guo et al./2019 0 45 0 48 0.06[-3.88, 4.00] 0.37
Antonelli et al./2020 4 105 6 85 —— -0.62[-1.91, 0.68] 4.82
Kobayashi et al./2008 0 7 0 13 0.59[-3.43, 4.61] 0.26
George et al./2012 11 278 5 145 —— 0.14[-0.94, 1.21] 4.85
Salevitz et al./2014 13 223 26 69 - -1.87[-2.58, -1.15] 26.82
Koo et al./2010 0O 10 O 11 0.09[-3.92, 4.10] 0.35
Kopp et al./2012 11 153 4 60 —— 0.08[-1.11, 1.26] 4.1
Martin et al./2012 2 30 1 3 —_— -1.61[-4.29, 1.07] 1.28
Nadu et al./2005 2 271 4 12 —a— -1.50[-3.33, 0.32] 3.68
Petrasz et al./2012 6 19 1 12 — 1.33[-0.90, 3.57] 0.77
Taweemonkongsap et al./2018 4 23 0 12 1.57[-1.44, 457] 0.44
Bhayani et al./2004 1 47 1 41 —_— -0.14[-2.94, 2.67] 0.80
Tanagho et al./2012 1 28 0 29 1.13[-2.11, 4.37] 0.36
Nohara et al./2021 0O 64 0 97 0.41[-3.52, 4.35] 0.30
Smith et al./2010 26 90 80 110 B -0.92[-1.45, -0.40] 36.03
Verze et al./2016 0o 4 0 68 0.50[-3.44, 4.44] 0.29
Guillonneau et al./2003 2 14 3 9 —_— -0.85[-2.82, 1.13] 2.30
White et al./2009 3 17 1 7 —_—— 0.21[-2.22, 2.64] 0.93
Overall ¢ -0.63 [ -0.91, -0.35]
Heterogeneity: I* = 20.58%, H* = 1.26
Test of 6, = 6;: Q(25) = 31.48, p =0.17
Testof 6 =0:z=-4.44,p =0.00
5 0 5
Fixed-effects Mantel-Haenszel model

Figure 5. Forest plot showing the overall effect estimate of blood transfusion between on-clamp and off-clamp procedures.

and on-clamp PN techniques. Accordingly, we have assessed vari-  and the sample size significantly contributed to the heterogeneity.
ous outcomes, including perioperative, functional, and oncologic  Nevertheless, our findings are consistent with the results of the pre-
outcomes. Regarding perioperative outcomes, we found that the  vious meta-analysis by Huang et al.?? The authors further reported
operative time was significantly longer in the on-clamp versus off-  that the overall complication rate was significantly higher in the on-
clamp group. However, the results were significantly heterogeneous,  clamp group, which is also consistent with our findings. However,
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On-clamp  Of-clamp Log odds-ratio ~ Weight
Study Yes No Yes No with 95% CI (%)
Anderson et al./2019 7 33 8 32 —J— -0.16[-1.29, 0.96] 2.62
Novak et al./2012 1 34 1 21 —_— -0.48[-3.31, 2.34] 047
Kaczmarek et al./2012 0 283 0 49 -1.75[-5.68, 2.19] 0.34
Acar et al./2014 4 10 4 26 - 0.96[-0.61, 2.52] 0.72
Komninos et al./2014 26 88 4 21 —T— 0.44[-0.72, 1.59] 2.01
Ener et al./2016 2 20 0 12 —t—— 1.11[-2.00, 4.23] 0.23
Peyronnet et al./2017 16 88 2 24 —1— 0.78[-0.76, 2.32] 1.08
Anderson et al./2017 10 40 3 47 —— 1.37[ 0.01, 2.72] 0.95
Rosen et al./2017 12 70 2 39 T 1.21[-0.34, 2.75] 0.90
Zargar et al./2014 11 220 0 35 —t+—— 1.31[-1.54, 4.16] 0.33
Mari et al./2018 4 116 4 116 —— 0.00[-1.41, 1.41] 1.54
Guo et al./2019 0 45 0 48 0.06[-3.88, 4.00] 0.19
Antonelli et al./2020 21 88 24 67 -0.41[-1.07, 0.26] 8.39
Mellouk et al./2021 65 1,070 14 210 1 -0.09[-0.69, 0.50] 8.75
Kobayashi et al./2008 0 7 0 13 0.59[-3.43, 4611 0.14
George et al./2012 58 231 15 135 - 0.82[ 0.21, 142] 6.27
Koo et al./2010 3 7 1 10 e 1.46[-1.01, 3.92] 0.26
Kopp et al./2012 35 129 11 53 - 0.27[-0.48, 1.02] 4.94
Martin et al./2012 4 28 0 4 —_—t 0.35[-2.73, 3.44] 0.30
Nadu et al./2005 1 28 1 15 i -0.62[-3.47, 222] 0.49
Petrasz et al./2012 3 22 0 13 —1—— 1.44[-1.60, 447] 0.22
Porpiglia et al./2012 12 64 3 38 S 0.86[-0.46, 2.19] 1.30
Simone et al./2019 43 114 100 372 ] 0.34[-0.08, 0.75] 14.39
Taweemonkongsap et al./2018 2 25 17 M _— -0.13[-2.63, 2.38] 0.51
Thompson et al./2010 102 260 13 83 - 0.92[ 0.29, 1.55] 5.86
Bertolo et al./2018 70 330 32 168 0.11[-0.35, 0.57] 13.98
Wszolek et al./2010 9 20 18 57 —— 0.35[-0.59, 1.30] 2.75
Tanagho et al./2012 1 28 0 29 —t—— 1.13[-2.11, 4.37] 0.19
Nohara et al./2021 0 64 8 89 ——&—— -2.51[-5.38, 0.36] 2.67
Rahota et al./2020 4 42 3 35 — 0.11[-1.46, 1.67] 1.19
Smith et al./2010 13 103 21 171 0.03[-0.71, 0.76] 5.58
Verze et al./2016 10 31 14 54 0.22[-0.71, 1.14] 3.16
Bove et al./2020 20 33 28 57 0.21[-0.51, 0.93] 5.32
Guillonneau et al./2003 3 13 3 9 —— -0.37[-2.18, 1.44] 1.1
White et al./2009 5 15 2 6 —_— 0.00[-1.89, 1.89] 0.85
Overall Q 0.30[ 0.14, 0.47]
Heterogeneity: I = 0.00%, H” = 1.00
Test of 6, = 6: Q(34) =28.77, p=0.72
Testof 6=0:z=3.63, p=0.00

5 0 5
Fixed-effects Mantel-Haenszel model

Figure 6. Forest plot showing the overall effect estimate of overall complications between on-clamp and off-clamp procedures.
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On-clamp Off-clamp Log odds-ratio ~ Weight
Study Yes No Yes No with 95% CI (%)
Novak et al./2012 0 35 0 22 = -0.46[-4.41, 3.50] 5.47
Kaczmarek et al./2012 0 283 1 48 B -2.86 [ -6.08, 0.35] 23.13
Acar et al./2014 1 13 4 36 -0.37[-2.65, 1.91] 17.49
Wang et al./2016 0 22 0 22 0.00[-3.96, 3.96] 4.44
Peyronnet et al./2017 2 102 O 26 0.26[-2.81, 3.32] 7.05
Guo et al./2019 0 45 0 48 0.06 [-3.88, 4.00] 4.35
George et al./2012 1 288 0 150 = 0.45[-2.76, 3.65] 5.94
Martin et al./2012 0 26 0 4 L -1.77[-5.82, 2.27] 7.52
Nadu et al./2005 2 27 1 15 —— 0.11[-2.38, 2.59] 10.90
Petrasz et al./2012 6 19 0 13 - 2.20[-0.76, 5.16] 4.43
Taweemonkongsap et al./2018 1 26 0 12 il 0.35[-2.92, 3.62] 5.87
Verze et al./2016 0 41 0 68 = 0.50[-3.44, 444] 3.40
Overall <P 0.11[-0.71, 0.93]
Heterogeneity: I> = 0.00%, H* = 1.00
Test of ;= 6;: Q(11) =6.39, p = 0.85
Testof 6=0:z=0.26, p=0.79
5 0 5
Fixed-effects Mantel-Haenszel model

Figure 7. Forest plot showing the overall effect estimate of conversion to open surgery between on-clamp and off-clamp procedures.

these findings might be attributed to different factors, including
the complexity of the tumor and technique, tumor size, the RENAL
- Nephrometry Score between the 2 groups, and transition from off-
clamp to on-clamp.?6:2930

Our findings also show that LoS and conversion rates did not differ
significantly between the 2 groups, which is similar to the findings
by Huang et al.?? We further found that EBL was significantly lower
in the on-clamp group, which is consistent with Huang et al.?? These
findings are logical because of the nature of the off-clamp technique.
However, it should be noted that Huang et al*?> demonstrated that
these findings are clinically irrelevant because they found that trans-
fusion rates were similar among the 2 groups. On the other hand,
we found that the risk of postoperative blood transfusion was sig-
nificantly lower in the on-clamp group, with no significant hetero-
geneity. However, we found no significant difference between both
groups regarding any bleeding events. Moreover, sensitivity analy-
sis showed that major bleeding events did not significantly differ
between both groups. The reason behind current heterogeneous
findings is unknown. However, it can be argued that the difference
in characteristics of analyzed studies per each outcome might be the
main reason for this heterogeneity. Otherwise, neither of the tech-
niques should be considered superior to the other in this regard.

Regarding functional outcomes, we found that the on-clamp group
had significantly higher postoperative eGFR levels. However, no

significant difference was found between the 2 groups regarding
postoperative percent change in eGFR levels. Furthermore, the
meta-analyses by Huang et al?? and Cacciamani et al*® showed that
postoperative renal function preservation was higher in the off-
clamp group. On the other hand, the meta-analysis by Antonelli
et al?' showed that eGFR variations did not significantly differ
between the 2 groups on a long- and short-term basis. The hetero-
geneity among these findings might be attributed to the nature of
included studies, as analysis of randomized clinical trials showed no
difference.® In contrast, data from cohort studies showed a func-
tional advantage for the off-clamp approach.3** Our results also
showed that postoperative creatinine and postoperative Hb did
not significantly differ between the 2 groups. Moreover, sensitiv-
ity analysis showed that the risk of AKI did not significantly differ
between the 2 groups. This might indicate the non-significant dif-
ference between the 2 techniques regarding renal outcomes.

Clamping, at the hilum, promotes precision in tumor resection in
addition to the limitation of intraoperative bleeding; however, it
causes a temporary interruption to the flow of blood which may
cause ischemia that can subsequently lead to the deterioration of the
renal function.?® Our analysis opposed this observation by highlight-
ing a beneficial effect of the on-clamp technique on renal function
(eGFR) as compared to the off-clamp method. This is contradictory
to what has been reported in the literature, where a previous meta-
analysis found that the off-clamp technique preserves renal function
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On-clamp Off-clamp Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Anderson et al./2019 40 818 193 40 76 233 —| 5.80[ -3.58, 15.18] 5.13
Novak et al./2012 35 614 215 22 775 212 —— -16.10 [ -27.50, -4.70] 3.47
Acar et al./2014 14 882 217 30 806 164 —+—=&—— 760[ -3.95 19.15] 3.38
Komninos et al./2014 144 88.06 41.85 23 90.58 20.74 —_—— -2.52[-19.99, 14.95] 148
Wang et al./2016 22 84.21 28.77 22 84.87 21.72 . -0.66 [ -15.72, 14.40] 1.99
Comez et al./2016 33 783 223 40 726 31 —+—=—— 570[ -6.94, 18.34] 2.82
Ener et al./2016 22 797 214 12 90 27.6 —_—— -10.30[ -26.98, 6.38] 1.62
Anderson et al./2017 96 795 27.3 143 702 283 —a— 9.30[ 2.08, 16.52] 8.66
Zargar et al./2014 231 7415 2965 35 755 251 —a— -1.35[-11.70, 9.00] 4.21
Salevitz et al./2014 236 729 213 95 671 238 —- 5.80[ 0.55, 11.05] 16.36
Porpiglia et al./2012 76 8148 23.34 41 81 23.64 —a— 0.48[ -8.42, 9.38] 5.69
Taweemonkongsap et al./2018 27 77.31 2395 12 9175 3732 ——"—71— -14.44[-33.88, 5.00] 1.19
Tanagho et al./2012 29 741 211 29 799 25 —— -5.80[-17.71, 6.11] 3.18
Nohara et al./2021 64 673 177 97 653 184 —— 2.00[ -3.72, 7.72] 13.77
Rahota et al./2020 46 79.83 21.17 38 7153 16.14 —— 8.30[ 0.11, 16.49] 6.72
Verze et al./2016 41 874 9.7 68 828 134 HIll- 460[ -0.11, 9.31] 20.34
Overall L 2 3.08[ 0.95, 5.20]
Heterogeneity: I° = 45.09%, H* = 1.82
Test of 6, = 6;: Q(15) = 27.32, p = 0.03
Testof 6 =0:z=2.84,p=0.00

40 20 0 20

Fixed-effects inverse-variance model

Figure 8. Forest plot showing the overall effect estimate of estimated glomerular filtration rate between on-clamp and off-clamp procedures.

on the short- and long-terms, but with limited clinical significance
(MD=1.28; 95% Cl: 0.04-2.48) and significant statistical heterogene-
ity (P=.04).>” Randomized trials in this regard found no significant
difference between both techniques regarding renal function.'*

Our finding is novel and still warrants further investigation for confir-
mation. However, our observation can be attributed to the wet isch-
emia time. For instance, a previous propensity score matching study
indicated that higher WIT is predictive of renal functional deterio-
rations (defined as <30% reduction in eGFR postoperatively).*® The
study found that WIT of >20 minutes was associated with increased
risk of renal function deterioration by more than 2-folds (OR=2.30;
95% Cl: 1.13-4.64). On the other hand, WIT 20 minutes or less was
not associated with renal function deterioration (P=.06). That being
said, this observation cannot be confirmed in our meta-analysis due
to the lack of sufficient and relevant data in this regard. Among stud-
ies included in the analysis, only 6 studies reported the mean WIT in
both techniques (3 studies had a mean value >20 minutes***' and 3
studies had a mean value <20 minutes).33*>4° But, no separate analy-
ses based on WIT were provided, and thus, a meta-analysis could not
be performed. Therefore, future studies should put this point into
consideration which can provide insight into approaches that can be
attempted to preserve patients’ renal function.

Regarding oncologic outcomes, we found that the on-clamp
approach was associated with a significantly higher risk for postop-
erative positive surgical margin. On the other hand, no significant dif-
ference between the 2 groups was noticed regarding reconstruction
time. Moreover, the on-clamp technique was associated with signifi-
cantly lower resection time than the off-clamp group. However, the
clinical applicability of this finding is negligent since the analysis was
originally based on 2 studies. These findings are inconsistent with
previous meta-analyses,?*' which showed that positive surgical mar-
gin rates were comparable between the 2 groups. On the other hand,
the meta-analysis by Huang et al*? showed that the positive surgical
margin rate was significantly lower in the off-clamp group, indicat-
ing our findings. However, the authors further reported that both
groups had similar recurrence rates. It is worth mentioning that we
did not find a significant difference between the 2 groups regarding
the rates of reinterventions. This might be due to the influence that
might be caused on the tumor dissection technique by the clamping
technique and/or tumor complexity, leading to different rates of pos-
itive surgical margins. Besides, we found that tumor size was signifi-
cantly larger in the on-clamp group. A retrospective study by Shah
et al*' showed that the risk of recurrence was significantly associated
with positive surgical margins. However, this has been reported after
PN. On the other hand, the association is still unclear after RAPN.
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On-clamp Off-clamp Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Anderson et al./2019 40 31 14 40 29 1.2 0.20[-0.37, 0.77] 3.38
Novak et al./2012 35 55 26 22 21 11 —i— 340[ 2.25, 4.55] 1.80
Acar et al./2014 14 36 14 30 38 31 -0.20[-1.91, 1.51] 1.03
Komninos et al./2014 114 341 141 23 32 33 0.21[-0.62, 1.04] 2.56
Wang et al./2016 22 191 6 22 199 55 -0.08[-042, 0.26] 4.15
Comez et al./2016 33 348 112 40 3.76 1.54 -0.28[-0.91, 0.35] 3.18
Ener et al./2016 22 3.2 9 12 33 141 -0.10[-0.78, 0.58] 3.00
Anderson et al./2017 96 36 15 143 31 17 i 0.50[ 0.08, 0.92] 3.90
Rosen et al./2017 82 204 68 41 187 .77 0.17[-0.10, 0.44] 4.36
Zargar et al./2014 231 329 13 35 216 1.31 . 3 1.13[ 0.67, 1.59] 3.75
Mari et al./2018 120 28 1.05 120 246 1.28 0.34[ 0.04, 0.64] 4.28
Guo et al./2019 45 3,503 .76 48 3.29 .637 0.21[-0.07, 0.50] 4.31
Mellouk et al./2021 1,135 3.83 1.83 224 361 2.28 0.22[-0.05, 0.49] 4.34
Kobayashi et al./2008 7 184 63 13 213 .54 -0.29[-0.82, 0.24] 3.54
Kondo et al./2002 24 297 101 10 271 .79 0.26[-0.44, 0.96] 2.95
Salevitz et al./2014 236 29 15 95 25 14 040[ 0.05, 0.75] 4.12
Koo et al./2010 10 231 24 11 262 14 -0.31[-1.19, 0.57] 242
Kopp et al./2012 164 357 135 64 403 19 : | -0.46 [ -0.90, -0.02] 3.83
Martin et al./2012 32 29 1.2 4 21 3 - 0.80[-0.39, 1.99] 1.72
Porpiglia et al./2012 76 3.19 157 41 235 11 = 0.84[ 0.30, 1.38] 3.48
Simone et al./2019 157 3.46 2 472 377 14 [ | -0.31[-0.59, -0.03] 4.31
Taweemonkongsap et al./2018 27 343 94 12 297 277 —i— 0.46[-0.70, 1.62] 1.79
Thompson et al./2010 362 3.67 296 96 2.75 1.53 i 0.92[ 0.31, 1.53] 3.24
Wszolek et al./2010 29 41 26 75 36 21 —i— 0.50[-0.46, 1.46] 2.21
Bhayani et al./2004 48 25 1.08 42 24 115 0.10[-0.36, 0.56] 3.76
Tanagho et al./2012 29 23 14 29 23 1.2 —: 0.00[-0.67, 0.67] 3.05
Nohara et al./2021 64 269 114 97 238 938 - 3.10[-0.20, 6.40] 0.33
Smith et al./2010 116 28 .29 192 3.04 .37 -0.24[-0.32, -0.16] 4.71
Verze et al./2016 41 51 13 68 47 1.2 ﬂl 0.40[-0.08, 0.88] 3.69
Bove et al./2020 53 391 152 85 293 1.36 : 3 0.98[ 0.49, 1.47] 3.66
Guillonneau et al./2003 16 25 87 12 191 .85 -l 0.59[-0.05, 1.23] 3.13
Overall ¢ 0.30[ 0.10, 0.49]
Heterogeneity: ©* = 0.21, I* = 85.05%, H* = 6.69
Test of 6, = §;: Q(30) = 172.39, p = 0.00
Testof 6=0:z=2.98,p =0.00

Random-effects REML model

Figure 9. Forest plot showing the overall effect estimate of tumor size between on-clamp and off-clamp procedures.

The current meta-analysis has some limitations that are worth men-  were RCTs. Moreover, significant heterogeneity was observed in
tioning. For instance, many current studies should be carefully inter- ~ many of the analyzed outcomes. Although we conducted a sensitivity
preted due to the potential impact of confounders on the results.  analysis and tried to reduce heterogeneity, some outcomes still had
Moreover, most included studies were cohort studies, and only 4  significant heterogeneity. Finally, the sample size of some included
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On-clamp  Off-clamp Log odds-ratio ~ Weight
Study Yes No Yes No with 95% CI (%)
Anderson et al./2019 2 38 3 37 —— -0.43[-2.28, 1.41] 2.64
Novak et al./2012 0 3% 0 22 -0.46 [ -4.41, 3.50] 0.57
Acar et al./2014 0 14 0 35 0.90[-3.07, 4.86] 0.57
Komninos et al./2014 8 131 0 23 1.11[-1.77, 4.00] 1.08
Wang et al./2016 0 2 0 22 0.00[-3.96, 3.96] 0.57
Comez et al./2016 5 28 8 32 —a— -0.34[-1.56, 0.89] 5.96
Peyronnet et al./2017 6 108 0 26 1.16 [ -1.75, 4.06] 1.06
Anderson et al./2017 15 81 12 131 il 0.70[-0.10, 1.51] 13.75
Rosen et al./2017 3 79 2 39 — -0.30[-2.13, 1.53] 2.68
Mari et al./2018 2 118 2 118 —— 0.00[-1.98, 1.98] 2.30
Guo et al./2019 0 45 0 48 0.06 [-3.88, 4.00] 0.58
Mellouk et al./2021 122 1,013 12 212 . 3 0.76 [ 0.14, 1.37] 24.05
Kobayashi et al./2008 0 7 2 11 -1.18[-4.35, 1.99] 0.89
George et al./2012 4 285 2 148 —— 0.04[-1.67, 1.75] 3.08
Koo et al./2010 1 9 0 11 1.29[-2.02, 460] 0.82
Kopp et al./2012 2 162 0 o4 0.69[-2.36, 3.74] 0.97
Martin et al./2012 0 13 0 4 -1.10[-5.16, 2.96] 0.54
Nadu et al./2005 1 28 2 14 —_— -1.39[-3.87, 1.10] 1.45
Petrasz et al./2012 1 24 0 13 0.50[-2.77, 3.77] 0.84
Porpiglia et al./2012 2 74 1 40 —_— 0.08[-2.35, 2.51] 1.52
Simone et al./2019 4 183 7 465 — 0.55[-0.69, 1.79] 5.82
Taweemonkongsap et al./2018 0 38 0 12 -1.12[-5.10, 2.85] 0.57
Thompson et al./2010 5 37 1 95 —— 0.29[-1.87, 2.44] 1.93
Bertolo et al./2018 11 389 5 195 —— 0.10[-0.97, 1.17] 7.83
Wszolek et al./2010 6 23 3 72 —a— 1.83[ 0.37, 3.30] 4.19
Tanagho et al./2012 2 27 0 29 1.68[-1.40, 4.76] 0.95
Nohara et al./2021 1 63 0 97 1.53[-1.69, 4.74] 0.87
Smith et al./2010 7 109 9 183 —— 0.27[-0.75, 1.28] 8.70
Verze et al./2016 1 40 2 66 —_—— -0.19[-2.62, 2.24] 1.52
White et al./2009 0 20 0 8 -0.88[-4.88, 3.12] 0.56
Beksac et al./2019 23 252 0 39 — 2.00[-0.83, 4.82] 1.13
Overall 19 0.44[ 0.14, 0.74]

Heterogeneity: I> = 0.00%, H* = 1.00
Test of ;= 6;: Q(30) = 17.17, p = 0.97
Testof 6 =0:z=2.85,p =0.00

Fixed-effects inverse-variance model

Figure 10. Forest plot showing the overall effect estimate of positive surgical margin between on-clamp and off-clamp procedures.
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studies was relatively small (median: 113 patients). Therefore, we
encourage future RCTs with proper sample sizes to be conducted for
further validation of the current evidence.

Conclusion

The current meta-analysis provides the most comprehensive com-
parison of the efficacy and safety between on-clamp and off-clamp
PN approaches. Our findings indicate that most analyzed outcomes
were comparable between the 2 groups. On the other hand, the
superiority of the on-clamp technique was notable in EBL, risk of
postoperative blood transfusion, postoperative eGFR levels, and
tumor resection time. In contrast, the off-clamp technique was
superior in other outcomes, including operative time, overall post-
operative complications, risk of AKI, and postoperative post-surgical
margin. However, current findings should be carefully interpreted
due to some limitations that should be addressed in future more
appropriate investigations.
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Supplementary Figure 1. Funnel plot showing no risk of publication bias in terms of operative time
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Supplementary Figure 2. Funnel plot showing no risk of publication bias in terms of estimated blood loss
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Supplementary Figure 3. Funnel plot showing no risk of publication bias in terms of length of hospital stay
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Supplementary Figure 4. Funnel plot showing no risk of publication bias in terms of postoperative blood transfusion
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Supplementary Figure 5. Funnel plot showing no risk of publication bias in terms of overall complications
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Supplementary Figure 6. Funnel plot showing no risk of publication bias in terms of conversion to open surgery




Log odds-ratio
Omitted study with 95% ClI p-value
Novak et al./2012 -1.01[-1.83, -0.18] 0.016
Peyronnet et al./2017 -0.81[-1.65, 0.04] 0.062
Kobayashi et al./2008 -1.05[-1.87, -0.22] 0.013
George et al./2012 -1.09[-1.94, -0.24] 0.012
Nadu et al./2005 -1.00[-1.82, -0.18] 0.017
Nohara et al./2021 > -0.88[-1.72, -0.04] 0.040
Bove et al./2020 . -1.14[-2.35, 0.08] 0.067
2 1 0
Fixed-effects Mantel-Haenszel model

Supplementary Figure 7. Leave-one-out sensitivity analysis revealing a significant change in the reported effect estimate of major bleeding
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Supplementary Figure 8. Funnel plot showing no risk of publication bias in terms of any bleeding




Log odds-ratio
Omitted study with 95% Cl p-value
Rosen et al./2017 . 0.54[-0.08, 1.15] 0.088
Mari et al./2018 0.62[ 0.06, 1.18] 0.031
Martin et al./2012 0.67[ 0.10, 1.23] 0.020
Thompson et al./2010 0.52[-0.38, 1.42] 0.260
Smith et al./2010 0.76 [ 0.17, 1.34] 0.012
Guillonneau et al./2003 0.63[ 0.07, 1.19] 0.029
-5 0 5 1 15
Fixed-effects Mantel-Haenszel model

Supplementary Figure 9. Leave-one-out sensitivity analysis revealing a significant change in the reported effect estimate of acute kidney

injury
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Supplementary Figure 10. Funnel plot showing no risk of publication bias in terms of estimated glomerular filtration rate
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Supplementary Figure 11. Funnel plot showing no risk of publication bias in terms of tumor size

Mean diff.
Omitted study with 95% CI p-value
Wang et al./2016 . -0.69[-1.53, 0.15] 0.107
Guo et al./2019 ° -1.31[-2.41, -0.21] 0.019

2 1 0

Fixed-effects inverse-variance model

Supplementary Figure 12. Leave-one-out sensitivity analysis revealing a significant change in the reported effect estimate of tumor

resection time
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Supplementary Figure 13. Funnel plot showing no risk of publication bias in terms of positivie surgical margin




